Objectives: The aim of the present evaluation was to compare the clinical outcome of patients with failing cardiac bioprostheses or mitral valve annuloplasty treated with transcatheter valve-in-valve with patients who underwent redo cardiac surgery.background: Transcatheter valve-in-valve implantation is a feasible treatment for patients with failing degenerated cardiac bioprostheses with increased operative risk, however the outcome of this therapy has not been compared with redo cardiac surgery. Methods: The long-term survival of 16 patients (age 80±2. 25% male) undergoing transcatheter valve-in-valve procedure was compared with that of 16 high-operative risk patients (age 70±1, 50% male) undergoing redo valve surgery. Results: Both groups of patients were comparable in terms of preoperative risk (logistic Euroscore I: 34.1±14.6% in patients treated with valve-in-valve vs. 30.8±20.3% in patients treated with redo surgery p = 0.605), functional status (New York Heart Association class ≥III: 9 (56%) in patients treated with valve-in-valve vs. 7(44%) in patients treated with redo surgery, p = 1.000) and left ventricular ejection fraction (37% (27-52) in patients treated with valve-in-valve vs. 40% (26-57) in patients treated with redo surgery, p = 0.724). After a median followup of 21 months (interquartile range 7-44), 10 (30%) patients died. Survival for patients treated with valve-in-valve did not differ from that of patients treated with redo cardiac surgery (log-rank p = 0.939).Conclusions: Patients with failing cardiac bioprostheses and high operative risk treated with transcatheter valve-in-valve have similar survival compared with patients undergoing redo cardiac surgery.
INTROdUCTION
Structural valve deterioration is one of the main complications associated with bioprosthetic heart valves. Landmark randomized trials have shown a greater incidence of prosthetic heart valve failure among patients aged <65 years receiving aortic or mitral bioprostheses as compared with recipients of a mechanical prosthesis.(1-2) The incidence of structural valve deterioration declines significantly among patients older than 65 years. In large registries including more than 300, 000 patients undergoing aortic valve replacement the reoperation rate for patients receiving a bioprosthesis was 3.1% at 11-13 years of follow-up compared with 2.3% reoperation rate for recipients of an aortic mechanical prosthesis.(3) However, the lower reoperation rates of mechanical valve prostheses are counterbalanced by an increased risk of bleeding complications associated with the lifelong use of anticoagulation. (1) (2) (3) This has resulted in a significant increase of bioprostheses over the last decades (from 18% in 1991 to 59% in 2003), mainly among older patients with associated comorbidities.(3) These patients who may present at follow-up with failing degenerated bioprostheses have an increased risk for reoperation.
The development of transcatheter aortic valve devices and the promising results of transcatheter aortic valve implantation in patients with high operative risk or who are deemed inoperable, has led to the off-label use of these devices in other high risk subgroups such as patients with failing degenerated cardiac bioprostheses.(4-6) Dvir et al have recently reported the outcomes of 202 patients with failing aortic bioprostheses who underwent transcatheter valve-in-valve implantation, the largest series described so far. (4) The procedural success rate was 93.1% and the 1-year survival (based on data available from 85 patients) was almost 86%. (4) However, the results of this series concerned only patients with failing degenerated aortic bioprostheses and were not compared with a control group of patients undergoing redo cardiac valve surgery. The outcome of transcatheter valve-in-valve implantation in positions other than aortic (mitral or tricuspid) or in failing mitral annuloplasty was not evaluated. Accordingly, the aim of the present evaluation was to compare the clinical outcome of patients with failing cardiac bioprostheses or mitral valve annuloplasty treated with transcatheter valve-invalve with high risk patients who underwent redo cardiac surgery.
MATERIALS ANd METHOdS
The present evaluation included patients who underwent elective transcatheter valvein-valve procedures or redo cardiac surgery for failing aortic or mitral bioprostheses or failing mitral valve annuloplasty. From February 2008, transcatheter valve-in-valve has been a therapeutic alternative to cardiac surgery at our institution for patients with failing degenerated aortic or mitral bioprostheses and very high operative risk or contraindications for surgery. In addition, from 2010 this therapy was extended to patients with failing mitral valve annuloplasty and contraindications for surgery. All patients provided informed consent for the procedures. The clinical and echocardiographic data of this population were prospectively collected in the departmental Cardiology Information System (EPD-Vision®, Leiden University Medical Centre) and retrospectively analysed.
Furthermore, a retrospective search in the echocardiographic database was performed to identify patients who underwent elective redo cardiac surgery for failing mitral and aortic (biological or mechanical) prostheses and failing mitral valve annuloplasty. Patients with active endocarditis were excluded. The clinical characteristics and logistic Euroscore I in this group were reviewed to further select a similar comparator group of patients treated with transcatheter valve-in-valve.
The long-term outcome of patients undergoing transcatheter valve-in-valve and patients undergoing redo cardiac surgery were compared. All cause-mortality was the primary endpoint. The institutional review board approved the retrospective analysis of clinically acquired data and waived the need for patient written informed consent.
Clinical and echocardiographic data
Clinical data, including demographics, comorbidities, logistic Euroscore I and medications were recorded. All patients underwent transthoracic and transesophageal echocardiography prior to the procedures. Left ventricular (LV) end-diastolic (LVEDV) and end-systolic volumes (LVESV) were measured using the Simpson method and LV ejection fraction (LVEF) was derived.(7) Type of valvular prosthesis dysfunction (regurgitation or stenosis) and its severity were evaluated according to current recommendations. (8) Transcatheter valve-in-valve procedure Transcatheter valve-in-valve procedures were performed at the hybrid operating room, under general anesthesia and with fluoroscopy and transesophageal echocardiography guidance. Edwards Sapien or Sapien XT valves were implanted in aortic or mitral positions through a transapical approach to allow a proper coaxial alignment of the transcatheter valve within the prosthetic valve [5] . For valve-in-ring procedures, the transcatheter valve was positioned at the center of the mitral valve with 50% of the frame in the left atrium and 50% in the left ventricle. (9) 
Follow-up
Following one month after the procedure a repeat comprehensive echocardiographic study was performed for patients treated with transcatheter valve-in-valve. LVEDV, LVESV and LVEF and the hemodynamics of the valve were assessed. (7) (8) In addition, patients were prospectively followed-up for all-cause mortality.
For patients treated with redo cardiac surgery, data on all-cause mortality was collected by retrospective review of medical records and retrieval of survival status through the municipal civil registries.
Statistical analysis
A package of SPSS software version 20, (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. The Gaussian distribution of continuous variables was checked with the Kolmogorov-Smirnov test. If normally distributed, continuous variables were presented as mean and standard deviation. Otherwise, median and interquartile range was provided. Categorical variables were presented as number and frequencies. The Student's t-test or Mann-Whitney test were used to compare continuous variables normally or non-normally distributed, respectively. Categorical variables were compared with the χ 2 test or Fisher's exact test, as appropriate. Patients were dichotomized according to treatment with redo cardiac surgery or transcatheter valve-in-valve procedure. Cumulative events rates were calculated using the Kaplan-Meier method and were then compared across groups with the log-rank test.
RESULTS

Preoperative clinical and echocardiography characteristics
The population consisted of 32 patients with failing mitral or aortic prostheses or failing mitral valve annuloplasty: 16 patients treated with transcatheter valve-in-valve procedure between September 2008 and April 2012 (Table 1) and 16 who underwent  redo cardiac surgery between June 2000 and February 2008 (Table 2 ). In the group of patients undergoing transcatheter valve-in-valve, the mechanism of prosthesis failure was severe aortic stenosis in 7 patients, severe aortic regurgitation in 3, and combined aortic stenosis and regurgitation in 2. The remaining 4 patients had severe mitral regurgitation. In the group of patients who underwent redo cardiac valve surgery, aortic stenosis was observed in 4 patients, aortic regurgitation in 7 and combined aortic stenosis and regurgitation in 4. Moreover, one patient had combined stenosis and regurgitation of the degenerative aortic bioprosthesis and severe regurgitation of the native mitral valve and was treated with surgical replacement of both valves. Table 3 summarizes the baseline characteristics of the overall population and both groups of patients. Patients treated with transcatheter valve-in-valve were significantly older than patients treated with redo cardiac surgery (80±2 vs. 70±1 years, respectively; p = 0.001). However, there were no differences in logistic Euroscore I or comorbidities, such as diabetes, renal dysfunction, and clinical symptoms (Table 3) . Additionally, LVEF was comparable in both groups (37(27-52)% in patients treated with transcatheter valve-in-valve vs. 40 (26-57)% in patients undergoing redo cardiac surgery, p = 0.724).
Echocardiographic follow-up of patients undergoing transcatheter valve-invalve procedures
In the group of patients undergoing transcatheter valve-in-valve in aortic position, LVEF increased at 1 month follow-up (37% (28-48) vs. 40% (26-53), p = 0.014) and the peak and mean transvalvular gradients were 30.5 (23.7-45.5) mmHg and 16 (10.2-20) mmHg, respectively. Severe intra-valvular regurgitation immediately after deployment of the transcatheter valve into the prosthetic aortic valve requiring emergent repeat transcatheter valve-in-valve was recorded in one patient.(10) Mild paravalvular regurgitation was observed in 1 (10%) patient at follow-up. In patients treated with transcatheter valve-in- valve for failing mitral valve bioprosthesis the peak and mean transvalvular gradients at 1 month follow-up were 13.4 mmHg and 5 mmHg, respectively. Finally, only one of the 2 patients treated with transcatheter valve-in-ring survived at 1 month follow-up and underwent repeat echocardiography. The peak and mean transvalvular gradient were 17 and 6.5 mmHg, respectively. Number of previous cardiac surgeries
Data are expressed as n (%), mean ± SD and median (interquartile range), ACE, Angiotensin converting enzyme; NYHA, New York Heart Association. p Value (REDO surgery vs Valve-in-Valve) 
Outcomes
In the group treated with transcatheter valve-in-valve, 2 patients died before hospital discharge (in-hospital mortality 12%) whereas in the surgically treated group there were no in-hospital deaths. During a median follow-up of 21 (7-41) months, 10 (30%) patients died.
Cumulative survival at 12 and 24 months for the group of patients treated with valve-invalve procedure were 75% and 75%, respectively, whereas for the redo cardiac surgery group the survival rates were 72% and 72%, respectively (log-rank, p = 0.939) (Figure 1 ).
dISCUSSION
The present single center experience shows that the long-term survival of patients with failing bioprosthetic valves and high operative risk who underwent transcatheter valvein-valve implantation is similar to that of high risk patients who were treated with redo cardiac surgery. The choice of a mechanical or a biological prosthesis is mainly determined by the risks associated with lifelong anticoagulant treatment for mechanical prostheses (bleeding and thromboembolism) and the risk of structural valve degeneration of biological prostheses. These risks are strongly associated with age and comorbidities of the patients and valve position (mitral vs. aortic). In the Veterans Affairs trial, randomizing 575 patients to mechanical or biological prosthesis in aortic or mitral positions, an increased structural deterioration of bioprosthetic valves was observed only for patients younger than 65 years.(1) In addition, the Edinburgh Heart Valve trial, randomizing 541 patients to mechanical prosthesis (Bjork-Shiley) or porcine prostheses (Hancock or Carpentier-Edwards), reported a lower 20-year reoperation rate among patients receiving a mechanical prosthesis than recipients of a porcine prosthesis (2.5% vs. 5%, p < 0.001).(2) However, the differences were more pronounced after 8-10 years for mitral valve prostheses and after 12-14 years for aortic valve prostheses. Therefore, current guidelines recommend the use of bioprosthetic valves only for patients ≥65 years of age.(11) At the same time, real life evidence shows that bioprosthetic valves are gradually prevailing over mechanical valves, given the avoidance of need for anticoagulation and its associated lifetime bleeding risk. (11) (12) A more recent observational study including more than 300,000 patients older than 65 years undergoing aortic valve replacement confirmed the increased risk of reoperation associated with the use of bioprostheses.(3) However, the study reported an increase in the use of bioprostheses over time (from 18% in 1991 to 59% in 2003). Interestingly, patients receiving an aortic bioprosthesis were more likely to have associated comorbidities such as diabetes, chronic heart failure, renal dysfunction, cerebrovascular disease and chronic obstructive pulmonary disease that contribute to an increased surgical risk of a redo cardiac surgery in the future. (3, (13) (14) (15) (16) In recent years, the number of transcatheter valve-in-valve procedures has increased considerably. Reports from pioneer centers have shown acceptable inhospital survival for patients with failing bioprosthetic valves treated with transcatheter valve-in-valve procedures. (5,17-21 ) Still, most reports include small numbers of patients with limited follow-up time and concern almost exclusively degenerated aortic bioprostheses. Recently, the Global valve-in-valve registry of 202 patients showed that the 30-daymortality (8.4%) and one year survival (85.8%) of patients treated with valve-in-valve procedure did not differ significantly from survival observed in large transcatheter aortic valve implantation trials. (22) However, this registry included exclusively patients with failing bioprosthetic aortic valves and did not include a control group of patients treated with redo cardiac surgery.
The present study includes patients with both failing aortic and mitral bioprosthetic valves and additionally attempts to compare their long-term survival with a group of patients with similar preoperative risk that were treated surgically. Logistic Euroscore I was similar between groups. Patient groups were also comparable for other clinical characteristics that determine the outcome of redo cardiac valve surgery such as elective surgery, (13) renal dysfunction, (23) New York Heart Association functional class (13, 15, 16) and LVEF. (13, 14) Survival after transcatheter valve-in-valve procedure was comparable to that of redo cardiac surgery suggesting that this technique could be an alternative for high risk patients in need of bioprosthesis valve replacement.
Transcatheter valve-in-valve offers many advantages compared to cardiac surgery. It is minimally invasive and technically simpler because sternotomy and cardiopulmonary bypass are not required. The increased awareness of this option alongside further studies demonstrating its feasibility will likely lead to growing numbers of patient referrals for transcatheter valve-in-valve procedures in the near future. Specifically, elderly patients at very high surgical risk who may have been previously deemed inoperable will have a potential alternative and viable option. Moreover the increasing use of bioprosthetic over mechanical valves that has already been observed in larger registries may be further extended.(12) Finally, in everyday practice, it will be important for surgeons to use larger aortic bioprostheses and adapt their surgical technique in order to make a valvein-valve reoperation more feasible. (6) 
LIMITATIONS
There are some limitations of this study. This is a report from a single center, with a small number of patients that are not matched one by one for preoperative risk parameters. Moreover the follow-up of the redo surgical group was assessed retrospectively. These results need to be confirmed in larger series of patients and possibly in randomized trials.
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CONCLUSIONS
This study indicates that high risk patients with degenerated bioprosthetic valves treated with transcatheter valve-in-valve implantation have similar long term survival with an analogous group treated with redo cardiac valve surgery. Therefore, transcatheter valvein-valve is a feasible alternative for high risk patients with degenerated bioprosthetic valves. These results need to be confirmed in larger series of patients and possibly in randomized trials.
